C ardiac troponins are considered the "gold standard" measurements for diagnosing myocardial damage in patients with chest pain. Minor myocardial damage is observed in patients with unstable coronary artery disease, in which troponins are of prognostic importance and are instrumental for the clinical management of these patients.
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In subjects free from clinical signs of coronary heart disease (CHD), we previously reported the finding of an age-dependent increase in plasma cardiac troponin I (cTnI) levels, with the 99th percentile upper reference level (URL) in subjects aged Ͼ60 years being significantly higher than in those aged Յ60 years. 1 It was also obvious from that study that only a minority of the older subjects had elevated levels compared with the younger subjects. We therefore speculated that these slightly elevated levels might predict a forthcoming CHD, in analogy with findings in patients with CHD in whom increased plasma concentrations are strong predictors of future events such as myocardial infarction or CHD death. [2] [3] [4] [5] [6] [7] [8] [9] Our previous findings also raised the question of whether the 99th percentile URL of healthy subjects is a relevant cutoff limit. Should the group of subjects with slightly elevated concentrations be considered healthy or in a subclinical phase of CHD? Such a decision can only be made on the basis of results that show that such a group has an ongoing disease process in their myocardium. In previous studies we showed that the second-generation cTnI assay from Beckman Coulter exhibited superior clinical performance because it identified Ϸ10% more patients with unstable CHD and a poor prognosis than some other first-generation sensitive cTnI assays and the cTnT assay. 1 We therefore undertook a prospective study that sought to investigate the relationship between cTnI and first CHD event and death in a community-based cohort 10 of 70-year-old men with a follow-up of up to 10 years (median 7.9 years). We determined baseline cTnI concentrations by the AccuTnI method (Beckman Coulter, Inc) and adjusted associations observed for conventional risk factors for CHD.
Methods

Study Population
In 1970, all men born between 1920 and 1924 and residing in Uppsala were invited to a health survey, the Uppsala Longitudinal Study of Adult Men (ULSAM), in which 82% (nϭ2322) participated. 11 After 20 years, at the age of 70 years, they were invited for reinvestigation, which formed the baseline of the present study, comprising 1221 men of 1681 still alive (73%). 12 CHD mortality and morbidity data were collected from the official Swedish registries held by the Center for Epidemiology, National Board of Health and Welfare in Sweden, where all deaths and hospitalizations in Sweden are registered with International Classification of Diseases (ICD) codes and dates. Information on medical history and current pharmacological treatment was obtained with the use of the original protocol questionnaire. 11 To select subjects free of cardiovascular disease (CVD) at baseline (nϭ835), as atherosclerosis in CVD other than CHD and CHD covariates, for the analyses of first CHD event as the outcome, the following exclusion criteria were used: presence of prior myocardial infarction or angina pectoris in medical history; Q or QS complexes or left bundle-branch block (Minnesota codes 1.1 to 1.3 or 7.1, respectively) in baseline ECG registration; previous or incident CVD (ICD, 9th Revision [ICD-9] codes 390 to 459, equivalent to International Classification of Diseases, 10th Revision [ICD-10] codes I00 to I99) including congestive heart failure or current treatment with nitroglycerin or cardiac glycosides.
The study was designed, initiated, and managed by the authors, who were responsible for data collection, data analysis, preparation of the report, and the decision to submit the results for publication.
The Ethics Committee of the Faculty of Medicine at Uppsala University approved the study. Written informed consent was obtained from all subjects.
Follow-Up Data
CHD morbidity, defined by combining data from the Cause of Death Registry (CDR) and the Hospital Discharge Registry (HDR), is an efficient, validated alternative to revised hospital discharge notes and death certificates. 13, 14 CHD was defined with the use of the registry data as death, as recorded in the CDR, or first-time hospitalization for CHD (ICD-9 codes 410 to 414, equivalent to ICD-10 codes I20 to I25), as recorded in the HDR (censor date December 31, 2001).
All-cause mortality was obtained from the CDR. No subject was lost to follow-up because of missing registry data.
cTnI Determinations and Baseline Characteristics
Venous blood samples were drawn in the morning after an overnight fast. Plasma was prepared and anticoagulated with EDTA, freshly frozen, and stored frozen since baseline (Ϫ70°C). In August 2004, with the use of 1 manufacturer lot, cTnI in plasma was measured by the AccuTnI assay, 15, 16 ie, no interassay drift would be expected. The plasma samples used had been stored for 11Ϯ2 years and had been thawed a maximum of 1 time after being aliquoted. The stability of cTnI has previously been confirmed after 5 freeze-thaw cycles. 16 According to the manufacturer, the minimum detectable concentration was Ͻ0.01 g/L. Total imprecision for the AccuTnI was 4.1% to 8% (range, 0.05 to 11 g/L). The 99th percentile URL was given as 0.04 g/L. A multicenter trial showed the imprecision of 10% coefficient of variation (CV) at 0.06 g/L and the 20% CV at 0.03 g/L, whereas our own single-center evaluation of the assay gave an imprecision of 10% CV at a concentration of 0.03 g/L and a 20% CV at 0.0085 g/L. 16 Determinations of cTnI, available from 1203 subjects, were performed blinded for outcome with reagents supplied by the company and performed according to their instructions on the instrument supplied by the manufacturer at the Department of Clinical Chemistry, Uppsala University Hospital.
Fasting concentrations of plasma glucose and serum cholesterol were measured by routine laboratory analysis at the Department of Clinical Chemistry, Uppsala University Hospital. 12, 17 Weight, height, body mass index (BMI), ECG, and supine systolic (SBP) and diastolic (DBP) blood pressures were measured under standardized conditions. 12, 17 Hypertension was defined as use of antihypertensive drugs or SBP Ͼ160 mm Hg or DBP Ͼ95 mm Hg at a single visit to comply as much as possible with guidelines current at that time (the diagnosis is usually based on several BP measurements over a given time period). In addition, current cutoffs of SBP Ͼ140 mm Hg or DBP Ͼ90 mm Hg were used in an additional set of analyses. Diabetes was defined as a fasting plasma glucose Ն7.0 mmol/L or the use of oral hypoglycemic agents or insulin. Smoking status, classified as current smoking versus never or previous smoking combined, was obtained from the questionnaire.
Statistical Analysis
Analyses were defined a priori. The statistical software package STATA 8.0 for PC (STATA Corporation) was used. All tests were 2-tailed, and a probability value Ͻ0.05 was considered significant. Skewed variables (cTnI and glucose) were log transformed to achieve normal distribution. Normally distributed variables were used in all statistical analyses. Group differences were tested with ANOVA and the Student t test. In the prospective analyses, Cox proportional hazards regression models were used. Hazard ratios (HRs) with 95% confidence intervals (CIs) and probability values were estimated for a 1-SD increase in a continuous variable and for a 1-step increase in the dichotomous variable smoking to determine the magnitude of the relationship to and the statistical significance of the predictors of the defined outcome, which was first CHD event, CHD death, or censor date of follow-up period, whichever came first. No violation to the proportional assumption was found with the use of Schoenfeld's residuals in a linear correlation test for each Cox model presented.
Models defined a priori were also performed with the 2 predefined cutoff levels for cTnI obtained from the calculations of the 99th percentile URL in the previously examined cohort of subjects free from clinical signs of CHD. 1 The cutoff level of 0.040 g/L was the 99th percentile of the whole cohort, and the cutoff level of 0.021 g/L was the 99th percentile of subjects below the age of 60 years. The lower cutoff level of 0.021 g/L from that study 1 also coincided with the cutoff level of the highest quartile in this study. KaplanMeier plots were performed for both cutoff levels and are shown in the figures.
In multivariable models, adjustments were made for the risk factors serum total and HDL cholesterol, plasma glucose, smoking, SBP, and BMI in men free from CVD, with CHD and mortality as the outcome, and further adjustments were made for previous CVD for mortality as the outcome in the total sample. In addition, log likelihood ratio tests were performed for multivariable models including and excluding the cTnI variable.
In additional multivariable models, the adjustments performed were the same with the exception of the continuous variables SBP and glucose, which were exchanged for the dichotomized variables hypertension and diabetes. Table 1 shows baseline clinical characteristics at age 71 years with known prevalent CVD included and excluded and probability values for Pearson product moment correlations with cTnI and t tests with cTnI in subjects free from CVD. The subjects had a median follow-up time of 7.9 years (up to 10.4 years), with a total of 9389 person-years at risk (PYAR) for all-cause mortality as the outcome and a total of 6170 PYAR for CHD as the outcome. During follow-up, 257 of 1203 subjects (rate 2.73/100 PYAR) died, and 116 of 835 subjects (rate 1.88/100 PYAR) had a first CHD event, of whom 51 died (44%).
Results
Crude HRs relative to a 1-SD difference in variables for a first CHD event and for all-cause mortality with known prevalent CVD included and excluded during follow-up are presented in Table 2 . In univariate analysis, cTnI showed a strong association with all-cause mortality and first CHD event (Table 2) . Serum total and HDL cholesterol, smoking, SBP, BMI, and plasma glucose were all associated with a first CHD event in the univariate analyses, whereas triglycerides were not (Table 2) . Prevalent CVD at baseline was significantly associated with all-cause mortality ( Table 2 ). Figure 1 shows the risk of death in relation to cTnI levels in men free from CVD at baseline (nϭ835) and in subjects with prevalent CVD (nϭ368) at baseline. In both groups we found an increased risk of all-cause mortality in relation to increasing cTnI levels (PϽ0.001), which was more prominent in subjects with prevalent CVD. In subjects with cTnI Ͻ0.021 g/L, all-cause mortality did not 
Values are arithmetic meanϮSD. CVD refers to ICD-9 codes 390 to 459 and ICD-10 codes I00 to I99. 
Values are arithmetic meanϮSD. HRs with 95% CIs were estimated with Cox proportional hazards regression models, applied to variables standardized to 1 SD (except smoking: 0/1). CVD refers to ICD-9 codes 390 to 459 and ICD-10 codes I00 to I99; CHD refers to ICD-9 codes 410 to 414 and ICD-10 codes I20 to I25. differ between subjects with or without prevalent CVD (Pϭ0.075). Figure 2 presents unadjusted Kaplan-Meier survival curves for men free from CVD at baseline, which showed that the mortality risk was higher for men with cTnI Ն0.021 g/L (nϭ210/835) than for men with cTnI Ͻ0.021 g/L (PϽ0.001) (Figure 2a ) and was higher for men with a cTnI Ն0.040 g/L (22/835) than for men with cTnI Ͻ0.040 g/L (PϽ0.001) (Figure 2b) .
Similarly, the risk of first CHD event was higher for men with cTnI Ն0.021 g/L (nϭ210/835) than for men with cTnI Ͻ0.021 g/L (Pϭ0.024) (Figure 3a) and was higher for men with cTnI Ն0.040 g/L (nϭ22/835) than for men with cTnI Ͻ0.040 g/L (PϽ0.001) (Figure 3b ).
In the multivariable models, in men free from CVD, after adjustments for the conventional risk factors, the association between cTnI and first CHD event and mortality remained significant (Table 3) , as well as after further adjustment for prevalent CVD at baseline for all-cause mortality as the outcome in the total sample. Log likelihood ratio tests were all significant (Pϭ0.022 to 0.001). In the additional analysis with adjustment for hypertension (with the use of the 160/ 95 mm Hg or treatment definition) and diabetes instead of SBP and glucose, which is presented in Table 4 shows crude and adjusted HRs for the 2 predefined cutoffs. In the univariate analyses, cTnI Ն0.040 or Ն0.021 g/L, respectively, was predictive of all-cause mortality with Figure 1 . All-cause mortality in relation to cTnI levels in the group of men free from CVD at baseline and in the group with prevalent CVD at baseline. The limits for cTnI concentrations were as follows: Ն0.040 g/L; Ͻ0.040 to Ն0.021 g/L; and Ͻ0.021 g/L. There was a significant trend in mortality risk related to cTnI levels in both groups (PϽ0.001). No statistical differences in mortality was found between the 2 groups with levels Ͻ0.021 g/L. baseline prevalent CVD included and excluded, respectively, and for first CHD event. In the adjusted analyses, cTnI Ն0.040 or Ն0.021 g/L was still predictive of all-cause mortality after adjustments were made for conventional risk factors for CHD and prevalent CVD at baseline. A cTnI concentration Ն0.040 g/L was still predictive of first CHD event when further adjustments were made for conventional risk factors. In the additional analysis with adjustment for hypertension (with either definition) and diabetes instead of SBP and glucose, as presented in Table 3 , results were similar for CHD and for mortality. Table 5 presents predictive capacities of the 2 a priori specified cutoff levels for cTnI and outcomes.
Discussion
An elevated concentration of cTnI in 70-year-old men free from clinical signs of CVD was shown to be associated with an increased risk of first CHD event over a follow-up period of up to 10 years. Furthermore, cTnI was predictive of all-cause mortality in this cohort independent of baseline prevalent CVD. These findings are novel and suggest that subclinical silent myocardial damage makes a major contribution to CHD morbidity and mortality. Most interesting, the observed associations between cTnI concentrations and increased risk of first CHD event and mortality were independent of major conventional CHD risk factors.
The release of cTnI from myocardial cells is probably caused by many different mechanisms. One such mechanism is the release through the irreversibly permeabilized cell membrane, as seen in cell death and necrosis in situations of acute severe ischemia in the acute coronary syndrome. 18 Leakage of troponin molecules might also occur through reversibly permeabilized plasma membranes as a conse- 
Data are HRs with 95% CIs. P values were estimated with Cox proportional hazards regression models, applied to variables standardized to 1 SD (except smoking: 0/1). CVD refers to ICD-9 codes 390 to 459 and ICD-10 codes I00 to I99; CHD refers to ICD-9 codes 410 to 414 and ICD-10 codes I20 to I25. Data are HRs with 95% CIs estimated with Cox proportional hazards regression models, applied to cTnI variables dichotomized by the lower limit of quartile IV (cTnI Ն0.021 g/L) and by the cutoff value used in the clinic for patients with chest pain (cTnI Ն0.040 g/L). CVD refers to ICD-9 codes 390 to 459 and ICD-10 codes I00 to I99; CHD refers toICD-9 codes 41 to 414 and ICD-10 codes I20 to I25.
*Adjusted for smoking, total and HDL cholesterol, SBP, BMI, and fasting glucose and further adjusted for previous CVD for mortality as the outcome when baseline CVD was included.
quence of transient and less severe ischemia 19 or as a consequence of the exposure of the myocardial cells to cytokines such as tumor necrosis factor-␣. 20 These mechanisms are probably operative in severe diseases with other signs of multiorgan failure, such as in septicemia, 19 in which elevated troponin levels are often found without any indications of coronary artery occlusion. Still another mechanism might be impairment of the plasma membrane integrity due to aging of the cells and the apoptotic elimination of cells. 18 The mechanisms contributing to the elevation of cTnI in a cohort of our 70-year-old men with poor prognosis cannot be discerned from the present study. Several mechanisms are likely to be involved, including asymptomatic thrombotic or embolic occlusions of small coronary arteries, 21 ongoing activation of inflammation, and genetically determined or acquired acceleration of programmed cell death.
Smoking, cholesterol, high blood pressure, diabetes, 22 and high glucose concentrations 23 are considered major, wellestablished conventional risk factors for CHD morbidity and mortality, and high BMI 24 is considered a major risk factor for mortality. The processes, influenced by the conventional risk factors that are ongoing in the myocardium, are longterm processes over decades followed by a subclinical period before the onset of clinical signs of CHD, manifest CHD, and finally death. Our findings indicate that cTnI is a marker of myocardial damage during such a subclinical period and that this period consists of several years before the onset of clinical signs of CHD and death. We adjusted the observed association between cTnI and CHD and mortality for smoking, cholesterol, blood pressure, hypertension, fasting glucose, diabetes, and BMI without major reduction of the observed associations. Thus, we consider cTnI to be a marker of subclinical myocardial damage, necrosis, or underlying atherosclerosis and not as a mediator of the effect of the conventional risk factors on the atherosclerotic process, which may explain the role of cTnI in the multivariable models as a predictor of first CHD event independent of conventional risk factors. However, cTnI could also be a marker of the effect of genetic factors, apoptosis, or aging itself. A mutation in the cTnI encoding gene and an association with impairment of troponin interactions and diminished myocardial contractility in cardiomyopathy has been reported recently. 25 A possible effect of genetic factors or the effects of aging processes themselves on cTnI levels require further studies. Influences of lifestyle or lifestyle modification on cTnI levels, if any, are not known. Most importantly, because this is an observational study, mechanistic conclusions cannot be drawn but can only be matters of speculation.
In our previous study we reported increasing cTnI concentrations with age in the apparently healthy reference population. 1 The age relationship raised the question of whether the URL should be age related or whether the lower reference limit for cTnI of 0.021 g/L actually represents the "true" URL of healthy subjects. This question could not be answered in that study because no follow-up data on the outcome of these subjects were available. In the present study we took advantage of a population-based cohort of men in which baseline data were collected at the age of 70 years, which made baseline data standardized for age. Women were not included in the ULSAM study for historical reasons, and therefore generalizability to women is uncertain. We lack data for renal function, ie, glomerular filtration and C-reactive protein as a marker for inflammation; however, there is no report on the effect of renal function on cTnI levels.
Our findings of a close association between the elevated cTnI levels in the cohort of 70-year-old men free from CVD at baseline and the development of CHD indicates that the answer to the aforementioned question is that even slightly raised cTnI levels above the lower 99th percentile of 0.021 g/L are signs of ongoing subclinical processes in the myocardium. Furthermore, because these slightly raised cTnI levels are associated with an increased mortality risk, our results may suggest that a cutoff Ͻ0.040 g/L may be a clinically relevant limit, at least in elderly men, but this needs to be determined in future studies. We have used EDTA plasma samples, which are not ideal because of EDTA disruption of troponin. Thus, there may be a lowering of cTnI by Ϸ12% over the whole range of cTnI concentrations, which, however, will not affect the relative risk estimates. Because of this, we are reluctant to propose a cutoff value. Instead, we see this investigation as an exploratory study. Future studies should determine cTnI in fresh samples for the purpose of defining a possible cutoff. Efforts to improve the CV for the assay and to increase precision in the lower range of cTnI concentrations should also be encouraged. Our results further emphasize the notion that the development of CHD is a continuum and that the measurement of cTnI with highly sensitive assays allows us to detect this process at a very early stage. Thus far, the determination of cTnI with the highly sensitive second-generation AccuTnI assay is unique in detecting this cohort of subjects without known CVD but with this sign of myocardial damage because the determinations of cTnT in another large cohort of subjects free from clinical signs of CHD did not identify any measurable levels even among older subjects, 5 which precluded any calculations of associations to outcome. Whether these differences between generations of cTnI and cTnT assays are related to the fact that they measure different molecules with different kinetics and patterns of release from injured myocardium 26, 27 or whether they are merely a matter of lack of sensitivity of the latter assay is unknown.
In the present study we present data on an association between cTnI and first CHD event and mortality, independent of conventional CHD risk factors, using registry data for defining the outcomes. There is always a possibility of misclassification bias in registry data. However, a quality control of the CDR by the Swedish centers of the World Health Organization MONICA (multinational monitoring of trends and determinants in cardiovascular disease) study have shown good agreement for registration of myocardial infarction. 13, 14 The possible limitation of using registry data including misclassification would have been an underestimation of true risk. However, we present significant risk estimates of important magnitude.
The implication of identification of subclinical myocardial damage in elderly men without clinical symptoms raises the question of the use of this information in the clinical setting. In patients with detectable cTnI and symptoms suggestive of unstable CHD treatment, guidelines have been well established 28 because these patients benefit from early coronary intervention and medical treatment with low-molecularweight heparin. 29 Management strategies for silent ischemia, however, are less clearly defined. Findings from our study raise the question of which strategies are to be established for identifying subclinical myocardial damage and for subsequent actions. Furthermore, they clearly highlight the need for clinical research on this topic. Above all, our findings suggest that there is a need for measuring cTnI with highly sensitive cTnI assays. 1 
Conclusions
We conclude that cTnI in elderly men is a predictor of first CHD event and of all-cause mortality independent of conventional major CHD risk factors. Thus, cTnI should be regarded as a risk indicator for future CHD or death both in men free from clinical signs of CVD and, as previously shown, in patients presenting with clinical symptoms of unstable CHD.
